Endothelial progenitor cells (EPCs) are detectable in the blood and bone marrow throughout life. These cells contribute to new blood vessel formation (neovascularization) in physiological states such as wound healing and in pathological states such as tumor angiogenesis. We hypothesized that bone marrow-derived EPCs could play a role in the response to pancreatic islet cell injury. We used a murine model of experimentally induced ␤-cell injury followed by transplantation with genetically marked bone marrow cells. Bone marrow-derived cells were detectable throughout the pancreas after transplantation. Whereas the total number of bone marrow-derived cells in the pancreas decreased over time, the frequency of endothelial cells (of both donor and recipient origin) increased after transplantation in the animals in which ␤-cell injury had been induced. There was no evidence in this model that bone marrowderived cells differentiated into insulin-expressing cells. This study provides evidence that bone marrowderived EPCs are recruited to the pancreas in response to islet injury. EPC-mediated neovascularization of the pancreas could in principle be exploited to facilitate the recovery of non-terminally injured ␤-cells or to improve the survival and/or function of islet allografts. Diabetes 53: [91][92][93][94][95][96][97][98] 2004 
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Endothelial progenitor cells (EPCs) are detectable in the blood and bone marrow throughout life. These cells contribute to new blood vessel formation (neovascularization) in physiological states such as wound healing and in pathological states such as tumor angiogenesis. We hypothesized that bone marrow-derived EPCs could play a role in the response to pancreatic islet cell injury. We used a murine model of experimentally induced ␤-cell injury followed by transplantation with genetically marked bone marrow cells. Bone marrow-derived cells were detectable throughout the pancreas after transplantation. Whereas the total number of bone marrow-derived cells in the pancreas decreased over time, the frequency of endothelial cells (of both donor and recipient origin) increased after transplantation in the animals in which ␤-cell injury had been induced. There was no evidence in this model that bone marrowderived cells differentiated into insulin-expressing cells. This study provides evidence that bone marrowderived EPCs are recruited to the pancreas in response to islet injury. EPC-mediated neovascularization of the pancreas could in principle be exploited to facilitate the recovery of non-terminally injured ␤-cells or to improve the survival and/or function of islet allografts. Diabetes 53:91-98, 2004 P ostnatal neovascularization occurs by remodeling existing blood vessels through local proliferation and migration of endothelial cells (ECs) (1, 2) . Neovascularization is important both in physiological situations such as wound healing and tissue regeneration after injury and in pathological processes such as diabetic retinopathy and tumor angiogenesis (3, 4) . Recently, circulating endothelial precursors (endothelial progenitor cells [EPCs] ) were identified and implicated in postnatal angiogenesis (5) (6) (7) . The bone marrow appears to be a reservoir for EPCs in adults (8) . Although purification strategies have not yet been developed for bone marrow EPCs, they may derive from populations enriched for hematopoietic stem cells (9, 10) or multipotent adult progenitor cells (11) . Several animal models have provided evidence that bone marrow-derived endothelial precursors can contribute to neovascularization (9 -11) . Mobilization or transplantation of EPCs can enhance neovascularization and is associated with tissue regeneration and functional improvement after injury (12) (13) (14) .
The dorsal pancreatic bud arises during embryogenesis from the portion of the foregut endoderm that contacts the endothelium of the dorsal aorta and two vitelline veins. Recombination of prepatterned dorsal endoderm with aortic endothelium can induce pancreatic endocrine differentiation, whereas recombination with tissues such as the adjacent notochord or neural tube cannot (15) . Conversely, removal of endothelial cell precursors in embryos resulted in failure of endocrine gene expression patterns in pancreatic endoderm (16) . These results suggest that EC contact and signaling is necessary and sufficient for endocrine pancreatic development. The pancreatic islets of Langerhans are well vascularized throughout life. This is critical for proper metabolic sensing and homeostatic regulation mediated by these cells. Signals from the endothelium may also have a role in postnatal islet cell proliferation and neogenesis. We hypothesized that neovascularization of the pancreas could be an important component of an adaptive response to ␤-cell injury.
Bone marrow-derived cells have demonstrated a surprising capacity to contribute to a variety of nonhematopoietic lineages, including tissues of all three germ layers (17) . Several hypotheses have been advanced to explain these counterintuitive findings, including persistence of multipotent progenitor cells in adult tissues, itinerant tissue-specific stem cells in bone marrow, intercellular transfer of nuclear material ("fusion"), and transdifferentiation of hematopoietic stem cells to stem cells with alternative fates ("plasticity") (18) . The derivation of functional hepatocytes from bone marrow-derived cells in vivo is one of the most striking demonstrations of apparent lineage plasticity (19) . However, recent data suggest that most of the bone marrow-derived hepatocytes in this model are products of cellular fusion (20, 21) . In vitro, insulin-secreting cells have been derived from hepatic oval cells (22) . Taken together, these results and the realization that pancreas and liver share a common developmental origin raise the possibility that bone marrow cells could also potentially generate insulin-secreting cells.
These two lines of reasoning led us to hypothesize that bone marrow cells could be important mediators of the response to ␤-cell injury. To investigate this question, we used a model of experimentally induced ␤-cell injury followed by transplantation with genetically marked bone marrow cells.
RESEARCH DESIGN AND METHODS

Animals.
Young adult (age 6 -10 weeks) C57BL/6J mice (The Jackson Laboratories, Bar Harbor, ME) were used as recipients. ␤-Cell injury was induced with streptozotocin (STZ). STZ (Sigma, St. Louis, MO) was administered intraperitoneally at a dose of 200 mg/kg in a citrate buffer. A proportion of animals that did not become diabetic after 72 h (random blood glucose Ͻ300 mg%) received a second injection at the same dose. Blood glucose was monitored twice weekly with a portable glucose monitor (Hemocue, Ä ngelholm, Sweden). Continuous release insulin (Linshin, Scarborough, ON, Canada) was provided subcutaneously to maintain glycemic control. After transplantation, an additional insulin pellet was inserted if two consecutive blood glucose readings were Ͼ400 mg%. Bone marrow donors were young adult (age 6 -10 weeks) sex-matched congenic enhanced green fluorescent protein (EGFP) transgenic mice (provided by Dr. M. Okabe, Osaka, Japan) (23) . EGFP is under the transcriptional control of the chicken ␤-actin promoter and the cytomegalovirus enhancer in this strain, resulting in high-level expression in most tissues (23) . These animals were generated and have been maintained in a C57BL/6J background by backcross of hemizygous carriers to C57BL/6J for Ͼ6 generations. All experiments were conducted with the approval of the Animal Studies Committee at Washington University. Bone marrow transplantation model. Once diabetes had been induced and blood glucose was stabilized with exogenous insulin (consistent values in the range of 100 -250 mg%; this was achieved by 1-2 weeks after STZ administration), the animals received bone marrow transplants. Bone marrow cells were obtained by flushing femurs with Hepes-buffered saline buffer followed by red cell lysis. In some cases, the stem/progenitor cells were enriched by depleting the grafts of terminally differentiated hematopoietic cells using a standard cocktail of biotinylated monoclonal antibodies (Ter-119, CD3, Gr-1, CD11b, B220; BD Pharmingen, San Diego, CA) followed by staining with anti-biotin microbeads and purification on a negative selection column (Miltenyi Biotec, Auburn, CA). These lineage-depleted (Lin Ϫ ) cells were routinely enriched 8-to 12-fold by the procedure (not shown). Terminally differentiated lineagepositive (Lin ϩ ) cells were recovered from the columns and used in some experiments. Recipients were conditioned with a single dose of irradiation (800 cGy) followed 12-24 h later by transplantation of hematopoietic cells via lateral tail vein injection. Unmanipulated bone marrow cells (BMCs) were transplanted at a dose of ϳ5.0 ϫ 10 6 cells. Lin Ϫ and Lin ϩ cells were infused at a dose of ϳ5.0 ϫ 10 5 cells. To rescue lethally irradiated recipients from hematopoietic failure, 1.0 ϫ 10 5 nontransgenic BMCs were co-infused with the Lin Ϫ and Lin ϩ grafts. Immunohistochemistry. Animals were killed at 1 or 5 months after transplantation. The pancreas was dissected, fixed in 4% formalin overnight, paraffin embedded, and sectioned (4 m). Formalin fixation and paraffin embedding reduced the intensity of EGFP autofluorescence. Therefore, immunohistochemical staining was used to retrieve the EGFP signal. Slides were de-waxed, hydrated, blocked in 3% BSA and 2% normal goat serum, and then incubated overnight in polyclonal rabbit anti-EGFP antisera (Molecular Probes, Eugene, OR). Slides were then washed twice with 0.05% Triton X-100 in PBS and incubated for 1 h with an alkaline phosphatase conjugated goat anti-rabbit antibody (Sigma). After additional washes with 0.05% Triton X-100 in PBS and detection with a red substrate (Vector Laboratories, Burlingame, CA), the slides were counterstained with hematoxylin. Immunofluorescence. Two-color immunofluorescence was used to determine the lineage of EGFP-expressing cells. Bone marrow cells were stained with polyclonal (Molecular Probes) or monoclonal anti-EGFP antibodies (BD Clontech, San Diego, CA) followed by the pan-leukocyte marker CD45 (Research Diagnostics, Flanders, NJ) to identify hematopoietic cells, monoclonal anti-human cytokeratin I/II (Cymbus Biotechnology, Chandlers Ford, U.K.) to identify ductal epithelial cells, anti-human von Willebrand factor (vWF) antisera (Dako, Carpinteria, CA) to identify ECs, or antisera to swine insulin (Dako) to identify ␤-cells. The staining protocol was similar to that used for immunohistochemistry, with the exception that before the use of anti-cytokeratin and anti-vWF, the slides were pretreated with proteinase K (400 g/ml; Sigma) in PBS for 5 min. Primary mouse antibodies were detected using a Mouse on Mouse kit according to the manufacturer's guidelines (Vector Laboratories). Appropriate secondary antibodies conjugated to fluorochromes were used (Molecular Probes). When using the Mouse on Mouse kit, TX red avidin (Vector Laboratories) was used as the fluorochrome for the mouse primary antibody. Slides were sealed with Vectashield mounting media (Vector Laboratories) with 4Ј,6 diamino-2-phenylindole (DAPI). Endothelial morphometry. Slides were viewed on a Nikon Microphot-SA fluorescence microscope, and images were captured using a Colorview camera and analySIS software (Soft Imaging System, Lakewood, CO). Five 10ϫ fields chosen at random from at least two slides Ͼ200 m apart were counted, and the result was averaged for each animal. Large vessels, vessels in the periphery of the tissue, and those not enclosed within the pancreatic tissue were excluded. Areas of staining without discrete breaks were counted as single vessels. The presence of a lumen or red cells was not required to be included in the count. Individually highlighted ECs or cell clusters separate from the adjacent microvessels were counted as distinct vessels. For colocalization studies, 200 individual discrete vWF ϩ cells were studied under oil immersion (100ϫ) and analyzed for coexpression of EGFP. The result was expressed as a percentage for each animal. Results were confirmed by two independent observers.
RESULTS
Donor-derived cells are detectable in the pancreas after transplantation. Young C57BL/6J mice were made diabetic by intraperitoneal injection of STZ. Insulin was administered for the duration of the experiment. Once the animals had stable blood glucose values (1-2 weeks after STZ), they were conditioned with irradiation and received bone marrow cells from sex-matched congenic EGFPexpressing donors. A total of 58 animals were included in this study. All of these animals survived the procedure and were observed for up to 1 year after transplantation. Hematopoietic engraftment was assayed by flow cytometric analysis of peripheral blood samples at 1 month after transplantation. Animals with low hematopoietic chimerism (Ͻ50%) due to suboptimal graft preparation or injection technique were excluded from further analysis (n ϭ 2 from the Lin Ϫ group). The majority of the remaining animals achieved high hematopoietic chimerism (Ͼ85%) (data not shown).
Immunohistochemistry was used to detect EGFP ϩ cells in formalin-fixed pancreatic sections. This assay was first validated using tissue from nontransplanted wild-type and transgenic EGFP mice. Detection of EGFP ϩ cells using this technique was sensitive and specific. No background staining was seen in wild-type pancreas (Fig. 1A-C) . Exocrine cells in the transgenic animals were uniformly positive with a granular cytoplasmic staining pattern (Fig.  1F) . Staining within the islets of transgenic animals was notably heterocellular, with some cells staining brightly and others indistinguishable from the background (Fig.  1E ). This finding suggests that donor-derived cells capable of differentiation into insulin-secreting cells could be underestimated in this model. EGFP transgenic bone marrow cells were transplanted into wild-type lethally irradiated diabetic recipients. Numerous donor-derived (EGFP ϩ ) cells were detectable throughout the pancreas at 1 and 5 months after transplantation (Fig. 1G-L) . Donor-derived (EGFP ϩ ) cells in five randomly selected 10ϫ fields from at least two slides Ͼ200 m apart were counted, and the result was averaged for each animal. Cells were excluded if they were within lymphoid aggregates or the lumen of vessels, were outside the pancreatic tissue, or were in locations that are prone to staining artifacts (e.g., at the periphery of a section). The level of tissue chimerism peaked at 1 month (mean 205 Ϯ 46 cells per 10ϫ field) and fell thereafter (Fig. 2) . At 5 months after transplantation, there were significantly more donor-derived cells in the recipients of grafts en-riched for hematopoietic stem/progenitors (Lin Ϫ ) compared with the control group that received Lin ϩ grafts (88.7 Ϯ 25 vs. 35 Ϯ 13.5 cells per 10ϫ field, P Ͻ 0.0001). ␤-Cell injury appeared to be a potent stimulus for recruitment of bone marrow-derived cells, because the frequency of these cells was increased more than twofold in the group that received STZ treatment compared with control mice that were transplanted with LinϪ grafts without prior STZ treatment (88.7 Ϯ 25 vs. 41 Ϯ 18.5 cells per 10ϫ field, P ϭ 0.005). Donor-derived cells in the recipient pancreas include both hematopoietic and nonhematopoietic lineages. As expected in these lethally irradiated transplanted animals with high peripheral blood chimerism, all hematopoietic organs were reconstituted by donor cells. This was evident in tissue sections by virtually complete repopula- tion of peri-pancreatic lymph nodes by donor-derived cells ( Fig. 1G and H) . Within the parenchyma of the pancreas, additional donor-derived cells were apparent (Fig. 1I-L) . The majority of these cells were distributed throughout acinar tissue (Fig. 1I) , especially at early time points. At 5 months after transplantation in animals that received Lin Ϫ or unmanipulated BMC grafts, there was a relative increase in donor-derived cells in a peri-islet and peri-ductal pattern (Fig. 1J and L) . Many donor-derived cells were identified in and around blood vessels and had the typical appearance of ECs as evidenced by their peri-vascular location and spindle-shaped morphology (Fig. 1K) .
To exclude the possibility that all the donor-derived cells seen in the pancreas were hematopoietic cells (e.g., neutrophils, lymphocytes, or macrophages) trafficking through the organ in these unperfused animals, two-color immunofluorescence was performed using an antibody to the pan-leukocyte marker CD45. Colocalization studies revealed that many of the EGFP ϩ cells in the early posttransplant period did indeed express this hematopoietic marker (Fig. 3) . However, nonhematopoietic donorderived cells were also clearly detectable (Fig. 3) . A total of 200 EGFP ϩ cells per animal were analyzed under oil immersion (100ϫ), and the number of CD45 Ϫ cells was expressed as a percentage. Only cells clearly within the parenchyma of the pancreas were included. Donor-derived cells (EGFP ϩ ) on the periphery of the section, within lymph aggregates or located within the lumen of blood vessels, were excluded. A substantial proportion of donorderived cells detectable in the pancreas were nonhematopoietic at 1 month after transplantation (Fig. 4A) . This proportion did not change significantly between 1 and 5
FIG. 3. Immunofluorescence analysis of bone marrow-derived cells in the pancreas. Sections from the pancreas of recipients were stained with anti-EGFP (A, D, and G) and the pan-leukocyte marker CD45 (B, E, and H). Nuclear staining with DAPI (blue) is shown in the merged images (C, F, and I).
Representative fields demonstrate that a proportion of donor-derived cells are hematopoietic (arrowheads) and a proportion are nonhematopoietic (arrows). The scale bar represents 10 m. months (17.8 Ϯ 6.5 vs. 22 Ϯ 7.6%, P ϭ 0.4). There was a significantly higher proportion of nonhematopoietic donor-derived cells in the recipients of Lin Ϫ compared with Lin ϩ grafts (31.7 Ϯ 8 vs. 20.5 Ϯ 9%, P ϭ 0.01) (Fig. 4B) . The cell dose in the Lin Ϫ grafts was 10-fold lower than that in the unmanipulated grafts and yet resulted in a significantly higher number of nonhematopoietic cells in the pancreas after transplantation (31.7 Ϯ 8 vs. 22 Ϯ 7.6%, P ϭ 0.02). This suggests that the cells capable of long-term engraftment within the pancreas are enriched in the Lin Ϫ fraction. Furthermore, STZ injury was associated with a higher frequency of nonhematopoietic cell engraftment (Fig. 4B) . Therefore, STZ injury increases recruitment of bone marrow cells in absolute number and disproportionately for the fraction that lacks the hematopoietic marker CD45. Donor-derived cells in the pancreas do not coexpress markers of ductal epithelium or ␤-cells. To assess whether donor-derived cells within the pancreas acquired the phenotype of mature pancreatic lineages, immunofluorescence colocalization studies were undertaken using markers that identify ductal epithelium (cytokeratin) and ␤-cells (insulin). Between 1 and 5 months after transplantation, the number of donor-derived cells adjacent to ducts and islets increased (Fig. 5G-I ). Occasional colocalization of cytokeratin and EGFP signals were noted, particularly in the animals that received STZ treatment followed by transplantation with Lin Ϫ cells. This result suggests that some donor-derived cells may have the capacity to differentiate into ductal epithelium, although this appears to be a rare event and could be accounted for by cellular fusion. We next asked whether insulin-expressing donor-derived cells could be detected. Approximately 7,000 insulin-positive cells per animal were examined for insulin and EGFP coexpression in sections from mice that did not receive STZ treatment. Because the size and number of islets is dramatically reduced by STZ injury, fewer cells (ϳ1,500 per animal) were analyzed in these sections. Donor-derived cells were frequently seen adjacent to and within islets ( Fig. 5G and H) . Using strict colocalization criteria (nucleus and adjacent cytoplasm had to be clearly visualized), donor-derived cells (EGFP ϩ ) immunostained for insulin were not seen in any of the transplant groups. This analysis should be sufficiently sensitive to identify bone marrow-derived insulin-expressing cells at a frequency as low as 0.06%. Bone marrow cell transplantation did not alter the natural history of STZ-induced diabetes. Among the group of animals that received STZ treatment and were transplanted, there was no significant difference in blood glucose or insulin requirement for up to 1 year in comparison to control animals that were not transplanted but received STZ treatment. The transplanted animals gained significantly less weight over the course of a year than STZ-treated mice that were not transplanted (mean 1.5 vs. 7.8 g, P Ͻ 0.01). This was likely a consequence of pretransplant total body irradiation. Although weight gain was highest in recipients of Lin Ϫ grafts (107.2% of starting weight), this was not significantly different from weight gain in recipients of BMC grafts (94.3%, P ϭ 0.21). Removal of insulin pellets from transplanted STZ-treated mice inevitably resulted in the return of hyperglycemia. Although this analysis could miss subtle improvement in islet function, by these criteria, there was no significant alteration in the course of diabetes after bone marrow transplantation in this model. Increased numbers of ECs of both donor and recipient origin are present after ␤-cell injury and bone marrow transplantation. A proportion of donor-derived cells in the pancreas after transplantation acquired an endothelial phenotype, as demonstrated by morphology and costaining for EGFP and vWF ( Fig. 5C and F) . The majority of these donor-derived ECs were scattered in the interstitium of the pancreas. EGFP ϩ vWF ϩ cells were occasionally seen in clusters of 10 -15. The cells frequently localized around ducts. The total number of blood vessels (donor or recipient) increased over time in the posttransplant animals (Fig. 6A) . This was similar in the groups that received Lin Ϫ or Lin ϩ grafts (134.6 Ϯ 21.4 vs. 118.7 Ϯ 16 vessels per 10ϫ field, P ϭ 0.09) and was significantly higher in animals that had STZ-induced injury in comparison to a similar group that did not receive STZ (134.6 Ϯ 21.4 vs. 93 Ϯ 13.5 vessels per 10ϫ field, P ϭ 0.005). The proportion of individual ECs of donor origin also increased with time and was maximal in mice that received a Lin Ϫ graft and had STZ-induced injury (17.8 Ϯ 5%). This value was significantly higher in comparison to animals transplanted with Lin Ϫ cells without prior STZ-induced injury (2.2 Ϯ 0.9%, P Ͻ 0.0001) and in comparison to animals that received STZ followed by transplantation with a Lin ϩ graft (4.9 Ϯ 4.4%, P Ͻ 0.0001) (Fig. 6B) . The results suggest that the frequency of ECs of both donor and recipient origin increased in the pancreas. The proliferation and/or migration of recipient ECs into the pancreas is a response to ␤-cell injury rather than to irradiation, because animals that were irradiated and transplanted without prior STZ injury did not have a significant increase in recipient-derived ECs (Fig. 6B) .
FIG. 4. Quantification of nonhematopoietic donor-derived cells in the transplant recipients. The frequency of nonhematopoietic cells of donor origin (%EGFP
DISCUSSION
There is increasing evidence that the bone marrow may serve as a reservoir for cells that contribute to the repair of organs after cellular injury. The present experiments were undertaken to determine the extent to which the bone marrow can provide precursors for cellular repair after injury to pancreatic ␤-cells. The model we used involved the administration of the pancreatic ␤-cell toxin STZ followed by bone marrow transplantation with EGFP ϩ cells to assess the capacity of bone marrow cells to respond to this form of ␤-cell injury. These experiments demonstrate that bone marrow-derived cells readily home to the injured pancreas. At early time points, the majority of donor-derived cells were scattered interstitially throughout the pancreas. Many of these cells express the pan-leukocyte marker CD45 and likely represent an inflammatory response composed of lymphocytes and/or macrophages. Over time, donor-derived cells appeared more frequently in a peri-islet and peri-ductal distribution. Although the total number of donor-derived cells decreased over time, the proportion that lacked CD45 expression (and are therefore nonhematopoietic cells) was stable. Rare donor-derived cells expressed a marker of ductal epithelium, but convincing evidence of EGFP and insulin coexpression was not seen. A significant proportion of the donor-derived nonhematopoietic cells had the morphology of ECs, localized to small blood vessels, and expressed the endothelial marker vWF. Transplantation without prior ␤-cell injury resulted in significantly fewer donor-derived cells in the pancreas and a significantly lower proportion accounted for by ECs. We further demonstrated that the cells in the bone marrow that give rise to ECs in the injured pancreas are enriched in the fraction that contains hematopoietic stem/progenitor cells.
There was no evidence in this model of detectable insulin expression by bone marrow-derived cells within the pancreas. While this article was in preparation, Ianus et al. (24) reported that insulin-expressing cells could be generated from bone marrow cells in vivo. In this model, an EGFP reporter was activated in bone marrow-derived cells via Cre recombinase expression under the control of a rat insulin II promoter (25) . The frequency of insulinexpressing bone marrow-derived cells was low (one to two cells per islet) as assessed by immunofluorescence, but was estimated to be 1.7-3% of total islet cells by flow cytometric analysis (24) . Although this experimental design was similar in some respects to the transplantation protocol used for the animals in our study that did not receive STZ treatment, there were subtle differences in the pretransplant conditioning, timing of analysis, and cell doses used. Other differences between the models, includ- Neovascularization of the pancreas is likely to be an adaptive response to ␤-cell injury. Our analysis may have underestimated the contribution of bone marrow EPCs to the endothelial population in the injured pancreas for several reasons. First, a significant proportion of ECs in the donor strain used in these studies do not express detectable levels of EGFP by immunohistochemical analysis (data not shown). In addition, vWF Ag staining underestimates the frequency of ECs in the microvasculature (27) . Therefore, the total population of ECs that appear in the injured pancreas as well as the proportion that are bone marrow-derived may be higher than that reported here.
Tissue injury and ischemia are potent stimuli for neovascularization. Bone marrow EPCs have been shown to contribute to neovascularization in several models, including retinal, myocardial, and hind limb ischemia (13, 28, 29) . Although we were able to demonstrate that ECs of bone marrow origin populate the injured pancreas, this was not accompanied by evidence of functional improvement in our model. However, improved ␤-cell function would be difficult to assess because exogenous insulin was required throughout the experiment. It is conceivable that strategies that further enhance pancreatic neovascularization could lead to ␤-cell neogenesis, proliferation, or improved function. This might be achieved through optimization of the dose, timing, or route of EPC delivery and/or coadministration of growth factors such as vascular endothelial growth factor, which stimulate the proliferation and/or homing of ECs (30, 31) .
Islet transplantation as a therapeutic option for diabetes is hampered by limited graft availability, lifelong immunosuppression, and high graft rejection rates. Newer immunosuppressive regimens have decreased the complications of such therapy and have significantly improved the rejection rates (32) . Neovascularization is required to ensure the viability and function of the allograft. Transplanted islets derive their microvasculature at least in part from the recipient (33) . In rodent models, the vascularity of transplanted islets is reduced in comparison to normal islets (34) . The resulting ischemia is associated with graft hypoxia (35) . Techniques that improve the ability of the transplanted islets to rapidly establish vascular communication with the recipient could decrease the required dose of allograft material and improve its function. Cotransplantation of islets with bone marrow grafts enriched for EPCs is a potential platform for achieving this goal and merits further study. ϩ donor cell coexpressed vWF in some cases, but no insulin ϩ or pdx1 ϩ donor-derived cells were found in the islets. This study supports our conclusion that bone marrow may provide endothelial precursors in response to ␤-cell injury, but has little capacity to give rise to insulin-producing cells under these conditions.
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